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Specification 

1. Title of the invention 

Electrode for conductors made from electroconductive 
elastomer 

2. Scope of the patent claim 

1. An electrode for conductors made from 
electroconductive elastomer wherein the surface of the 
electrode material for conductors composed of 
electroconductive elastomer is subjected to low- 
temperature plasma treatment with a non plasma- 
polymerizing gas at a pressure of 1CT 3 torr to 10 torr. 

3. Detailed description of the invention 

The present invention relates to an electrode for 
conductors made from electroconductive elastomer and in 
particular to said electrode for conductors for 
electrical equipment aimed at, for example, detecting 
the electric power and the like which is emanating from 
organisms generated by brainwaves and cardiac activity; 
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therapy which applies pulse voltage to affected parts 
and the like, or supplying physiological stimulation to 
the human body. 

Generally, the conductors for electrical equipment used 
for the abovementioned aims must make reliable 
electrical contact with the human body as required, and 
methods whereby, for example, the conductors make 
contact with the skin via a layer of grease, cream, 
paste or the like in which particles which are good 
electroconductors are dispersed and compounded 
(Japanese examined utility model publication S40-34798, 
Japanese examined patent publication S40-8584), and 
methods whereby the conductor makes contact via 
electroconductive adhesive tape (Japanese examined 
patent publication S39-30251) are known. 

However, there are disadvantages with the methods which 
use grease and the like, in that the abovementioned 
grease, cream or paste can cause rough skin, eczema or 
rashes in some people, and with the methods which use 
adhesive tape, in that when the conductors are removed, 
downy hair is ripped out, which is painful. 

To improve upon these disadvantages, conductors have 
been constructed using conductive elastomer and water 
has been adhered to the surface thereof. In other 
words, methods whereby the conductor contacts the skin 
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via a layer of water between the conductor electrode 
and the skin have been employed, but in such cases too, 
as the surface of the electroconductive elastomer, i.e. 
the elastomer itself, is hydrophobic, it repels water, 
and so it is difficult to uniformly cover the conductor 
electrode with a water film. Thus, when these 
conductors are used for detecting faint electric power 
emanating from organisms or for .supplying electric 
stimulation to affected parts, there is the 
disadvantage that it is not possible to achieve uniform 
electric contact across the entire surface of the 
electrode . 

The present invention provides an electrode for 
conductors which improves upon the disadvantages of 
known electrodes for conductors, and relates to an 
electrode for conductors made from electroconductive 
elastomer where the surface of the electrode material 
for conductors composed of electroconductive elastomer 
is subjected to low-temperature plasma treatment with a 
non plasma-polymerizing gas at a pressure of 10" 3 torr 
to 10 torr. 

By way of explanation, the electrode material for 
conductors composed of electroconductive elastomer used 
in the present invention is such that electroconductive 
material is uniformly dispersed in the elastomer to a 
specific resistance of no more than 10 ohm- cm, and 
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examples of this elastomer include natural rubber, 
various synthetic rubbers and also various synthetic 
resins which exhibit elasticity. Examples of synthetic 
rubbers include SBR, IR, IIR, NBR, urethane rubber and 
silicone rubber, and examples of synthetic resins 
exhibiting elasticity include polyvinyl chloride, 
polyethylene, polypropylene, polyvinyl acetate, 
ethylene/vinyl acetate copolymer, epoxy resin, 
polyester resin and polyamide resin. 

Examples of the electroconductive material which must 
be compounded into the elastomer include particles of 
metal such as iron, copper, nickel, cobalt, stainless 
steel, silver and gold, non-metallic electroconductive 
particles such as particles of tungsten carbide, 
graphite particles and carbon particles, systems in 
which the surface of the electroconductive particles 
has been metal-plated or coated with metal, and 
electroconductive fibers such as carbon fibers, 
graphite fibers, metal fibers and fibers of 
electroconductive macromolecules, and one or a 
combination of two or more of these may be used. The 
amount added depends on the type of electroconductive 
material, but it should be the amount required to 
obtain the desired electroconductivity , and this is 
generally 2 to 1 000 parts by weight per 100 parts by 
weight of elastomer. 
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The dispersing and combining of the electroconductive 
material in the elastomer described above is usually 
performed using a high speed rotary mixer, a ribbon 
blender, a double roller or the like, and various 
additives such as other fillers, pigments, 
plasticizers, curing agents and the like may also be 
added and compounded at this time if necessary. 

The uniformly compounded electroconductive elastomer 
produced in this way is then molded to the desired 
shape as a conductor electrode by press molding, 
extrusion molding, injection molding or the like. 

The present invention is such that the electrode 
material for conductors molded and produced in this way 
is then subjected to low-temperature plasma treatment, 
and in this treatment method, the material should be 
set within a plasma-generating device and subjected to 
low-temperature plasma treatment using non plasma- 
polymerizing gas at a pressure of 10~ 3 torr to 10 torr, 
and, at this time, the plasma generating conditions 
should be such that, for example, electric power of, 10 
to 500 W 13.56 MHz is applied. Satisfactory results can 
be achieved with both polar and non-polar discharge. 
The duration of plasma treatment may differ depending 
on the power applied, although from several seconds to 
several tens of minutes is generally satisfactory. It 
should be noted that the plasma treatment is not 
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limited to the abovementioned method, and low 
frequencies and microwaves, for example, may be used as 
the discharge frequency band, and a plasma generation 
method other than glow discharge, such as corona 
discharge, spark discharge or silent discharge and the 
like, may be chosen. It is also possible for the 
electrodes to be inner electrodes, or induced coupling 
capacity coupling shaped as coils or the like, rather 
than outer electrodes. It should be noted that in order 
for the electrode for conductors molded not to change 
shape or nature as a result of the discharge heat 
during the low-temperature plasma treatment, the 
discharge output and the duration of the treatment 
should be adjusted and the plasma discharge electrodes 
positioned upon the item to be treated should be cooled 
with water. 

Examples of non plasma-polymerizing gases which may be 
used include helium, neon, argon, nitrogen, nitrous 
oxide, hydrogen, chorine, hydrogen chloride and 
hydrogen cyanide, and these gases may be used alone, or 
a mixture thereof may be used. Good generation of the 
target plasma can be achieved by making the gas 
pressure of the gas within the plasma generating 
apparatus 1CT 3 torr to 10 torr (preferably 0.01 to 
1 torr) . 

Subjecting the electrode material for conductors to 
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low-temperature plasma treatment renders the treated 
surface more hydrophilic than it was prior to the 
treatment. As a result, a uniform covering of water 
film can be achieved by adhering water to the surface 
of the electrode for conductors which has been made 
hydrophilic, thereby allowing the electrode for 
conductors to be used with good electrical contact with 
the skin. 

Next, the present invention will be described 
specifically by way of embodiments which are in no way 
limiting to the invention. 

Embodiment 1 

Methyl vinyl polysiloxane raw rubber (comprising 
0.15 mol% of vinyl groups) 100 Parts by weight 

Acetylene black 60 Parts by weight 

Dicumyl peroxide 0.7 Parts by weight 

The abovementioned compounded electroconductive 
silicone rubber composition was press-molded at 170°C 
for 5 minutes to form a 3 mm-thick sheet with a 70 mm- 
square cross-section. Next, this sheet was heat-treated 
at 200°C for 5 hours, and when the specific resistance 
thereof was measured, it was 6 ohm • cm. 



Next, the sheet was set in a plasma-generating 
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apparatus, carbon monoxide gas was passed through at 
reduced pressure maintain the pressure at 0.35 torr, 
and the sheet was subjected to plasma treatment for 10 
minutes while discharging between the electrodes under 
the following conditions: frequency 13.56 MHz, output 
50 W. 

The sheet which had been subjected to plasma treatment 
was denoted sample 1 and another sheet which had not 
been subjected to plasma treatment was denoted sample 
2; when the contact angle with water was measured, the 
following results were obtained: 



Sample 1 



61° 



Sample 2 



123° 



Embodiment 2 



Polyvinyl chloride resin TK-1000 (trademark 



of product manufactured by Shin'etsu 



Kagaku Kogyo) 



100 parts by weight 



DOP 



parts by weight 



Ni metal powder (average particle 



size 60 to 120 jam) 



800 parts by weight 



Calcium stearate 



1 



part by weight 



Dibutyltin dilaurate 



1.5 parts by weight 



The abovementioned electroconductive polyvinyl chloride 
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resin compounded composition was press-molded for 
5 minutes at 160°C, and it was removed after cooling to 
yield a 3 mm-thick sheet with a 70 mm-square cross- 
section. When the specific resistance thereof was 
measured, it was 3 ohm • cm. 

Next, the electroconductive polyvinyl chloride sheet 
was set in the plasma-generating apparatus, carbon 
monoxide gas was passed through at reduced pressure to 
regulate and maintain the pressure at 0.2 torr, and the 
sheet was subjected to plasma treatment for 5 minutes 
while discharging between the electrodes under the 
following conditions: frequency 13.56 MHz, output 75 W. 

The sheet which had been subjected to plasma treatment 
was denoted sample 3 and another sheet which had not 
been subjected to plasma treatment . was denoted sample 
4; when the contact angle with water was measured, the 
following results were obtained: 

Sample 3 34° 
Sample 4 90° 

Electroconductive elastomer the surface of which has 
been rendered hydrophilic and which has low surface 
resistance obtained in this way can be made, as shown 
in figures 1 and 2, into a sheet or plate 1, for 
example, of the desired dimensions, one side surface 



- 11 - 



which has been rendered hydrophilic becomes the surface 
which contacts the skin and the other side surface is 
adhered and integrated to the electrode plate 2 formed 
from a common metal attached to the lead wire 3 to form 
the conductor electrode. It should be noted that in the 
figures, 4,4' is a cover member composed of electric 
insulating material. 

The inventive conductor electrode of electroconductive 
elastomer with a surface that has been rendered 
hydrophilic can make total contact with the skin due to 
the fact that a uniform water film is created on the 
surface thereof which has been rendered hydrophilic, 
and so is an excellent electrode for conductors, with 
little variation in contact resistance, which enables 
reliable electric contact with the skin to be 
maintained. 

4. Brief description of the figures 

Figures 1 and 2 are cross-sectional diagrams of the 
construction of the inventive electrode for conductors 
inserted into a conductor. 

1 Electroconductive elastomer electrode, the surface 
of which has been rendered hydrophilic 

2 Electrode plate 

3 Lead wire 

4,4' Electric insulating cover 
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Figure 1 




Figure 2 
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